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(54) Improvements relating to electrical power assisted steering systems 



(57) An electric power assisted steering system is 
disclosed in which a torque demand signal (8) is gener- 
ated and applied to an electric motor (1 ) operatively con- 
nected to a steering mechanism (5) in order to assist a 
driver of the vehicle when steering the vehicle. The 
torque demand signal (8) includes a damping compo- 
nent that is dependent upon a measurement of torque 



T carried by the steering mechanism and a measure- 
ment of the angular velocity co of the steering mecha- 
nism. The torque produced by the motor (1) is not ob- 
trusive during "hands-on" manoeuvres but provides en- 
hanced damping in other manoeuvres such as a steer- 
ing flick. 

To be accompanied, when published, by Figure 2 
of the drawings. 



CM 
< 
CO 

o> 
o 

I s - 



CL 
LKJ 




Fig. 2 



To 
-Motor 
Controller 



Printed by Jouve. 75001 PARIS (FR) 



JSDOCID: <EP 1170196A2J_> 



EP 1 170 196 A2 2 



Description 

[0001] This invention relates to improvements in elec- 
trical power assisted steering systems of the kind in 
which an electrical motor is adapted to apply an assist- 
ance torque to a steering component such as a steering 
column so as to reduce the driver effort required to con- 
trol the vehicle. 

[0002] In a simple electric power assisted steering 
system a torque sensor is provided which is arranged 
so that the level of torque in a steering column is meas- 
ured. From this measurement a controller calculates the 
value of a torque demand signal which is indicative of 
the torque that is to be generated by an electric motor 
attached to the steering column. The motor applies a 
torque to the column of the same sense as that demand- 
ed by the driver and thus reduces the effort needed to 
turn the wheel. 

[0003] A problem with this simple arrangement occurs 
in certain driving manoeuvres which excite a vehicle 
yaw mode transient response - leading to so-called 
"fish-tailing" of the vehicle. These manoeuvres are typ- 
ically the result of "unsupported" driver actions on the 
handwhecl such as rotational "flicks" where the driver 
applies a rapid handwheel angle change but does not 
follow it through with any substantial applied torque or 
perhaps releases the handwheel after initiating a rapid 
turn. 

[0004] In such circumstances it is desirable that the 
handwheel returns to the central "straight-ahead" posi- 
tion quickly and with a minimum amount of overshoot or 
oscillation. In general, however, geometric and inertial 
effects of the steering system contribute to a free mode 
yaw response that is lightly damped and quite oscillatory 
- particularly at high vehicle speeds. 
[0005] It is known in the art to overcome this problem 
by including a damping component within the torque de- 
mand signal that is used to drive the motor. This damp- 
ing component in some sense mimics the mechanical 
phenomenon of viscous friction through software by 
generating a component of torque demand that is a 
function of the handwheel velocity. The damping com- 
ponent may generally increase in magnitude as a func- 
tion of steering angular velocity from zero torque at zero 
rotational speed to a maximum at some arbitrary maxi- 
mum speed. In effect, the damping component reduces 
the actual torque output by the motor and hence the 
amount of assistance, in a particular instance when the 
velocities are high. 

[0006] In accordance with a first aspect the invention 
provides an electric power assisted steering system 
comprising a steering mechanism which opcratively 
connects a steering wheel to the roadwheels of the ve- 
hicle, a torque sensing means adapted to produce afirst 
output signal indicative of the torque carried by a portion 
of the steering mechanism, a means for producing a 
second output signal indicative of the angular velocity 
of a portion of the steering mechanism, an electric motor 



operatively connected to the steering mechanism., a sig- 
nal processing unit adapted to receive the two signals 
and to produce a torque demand signal representative 
of a torque to be applied to the steering mechanism by 
5 the motor, and a motor drive stage adapted to provide 
a drive current to the motor responsive to the torque de- 
mand signal, and in which the torque demand signal in- 
cludes a damping component that is dependent upon 
both the first output signal and the second output signal. 
10 [0007] By making the damping component a function 
of torque as well as angular velocity of a portion of the 
steering mechanism, it has been found that the damping 
component does not become intrusive during "hands- 
on" slalom manoeuvres yet the damping remains effec- 
ts tive in improving yaw response in other circumstances 
such as a steering flick. 

[0008] The magnitude of the damping component 
preferably generally increases over a range of steering 
velocity values bounded by a first velocity and a second, 
20 higher, velocity. Thus, as the steering mechanism angu- 
lar velocity is increased more damping is introduced. 
The portion of the steering mechanism may comprise a 
steering column and the first velocity may correspond 
to zero column velocity. The second velocity may corro- 
25 spond to the maximum expected column velocity or 
some other arbitrarily selected value. Alternatively, a 
deadband may be provided whereby the damping com- 
ponent value remains at or about zero over a range of 
velocities bounding zero velocity. The width of this dead- 
30 band may be varied in use, and may for example be var- 
ied as a function of vehicle speed or another measured 
parameter, 

[0009] The magnitude of the damping component 
may generally increase linearly as a function of column 
velocity over the whole or a part of the range of values. 
Thus, the value of the damping component may become 
generally higher as the angular velocity of the steering 
wheel increases. However, a non-linear relationship 
may exist between velocity of the steering wheel and 
the damping component value. 

[0010] In the preferred arrangement the rate of in- 
crease of the magnitude of the damping component be- 
tween the first and second values preferably decreases 
as a function of applied torque. The damping compo- 
nent, in one arrangement, may be produced by gener- 
ating a scaling value that is a function of torque, gener- 
ating an intermediate damping value that is a function 
of column velocity, and multiplying the two values to- 
gether to produce the damping component. 
[0011] The scaling value may vary from a maximum 
value at zero applied torque to a minimum value at a 
predetermined maximum applied torque. In this case, 
for torque values at or above the maximum then a zero 
valued damping component will be produced. 
[0012] The scaling value may be adapted to be sub- 
stantially zero valued over a range of measured torque 
values bounding zero torque. This provides a deadband 
either side of zero torque about which for a given steer- 
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ing wheel velocity a maximum damping component is 
produced, improving steering feel for high speed on cen- 
tre manoeuvres. 

[0013] In a further refinement the width of the dead- 
band may be varied as a function of the speed of the 
vehicle to which the steering system is fitted. A meas- 
urement of vehicle speed may therefore be provided to 
a third input of the signal processor. 
[0014] The torque demand signal may include an as- 
sistance>torque signal that is a function of torque in the 
steering mechanism. The assistance torque signal may 
generallyjncrease with increasing torque applied by the 
driver. The signal processor may be adapted to produce 
the torque demand signal by combining the damping 
component with the assistance torque signal. Preferably 
the damping component is subtracted from the assist- 
ance torque signal. 

[0015] The assistance torque signal may be a function 
of other variables such as vehicle speed. 
[0016] The signal processor may calculate the value 
of the damping componentfor any given combination of 
torque and steering wheel velocity from entries in a look- 
up table. In this case, each or specific combinations of 
steering velocity and driver input torque will access a 
specified value stored in the table. 
[0017] In a preferred alternative, the value of the 
damping component may be derived by entering the ve- 
locity, torque and optionally vehicle speed values into a 
suitable equation. 

[0018] Whilst the provision of a damping component 
that is a function of torque as well as angular velocity of 
the steering column provides appropriate levels of 
damping during "hands-on" slalom manoeuvres it can, 
in certain circumstances, induce unwanted torque vari- 
ations in the steering column shaft. For example, when 
a high frequency driver applied torque is generated, or 
the column kicks back due to impacts on the road 
wheels, the torque dependent damping component can 
interact with the applied torque setting up an unpleasant 
oscillation . Thus, the driver applied torque can affect the 
damping torque which in turn affects the driver applied 
torque and so on. 

[0019] In a refinement, to ameliorate such an effect 
the damping component may be filtered to remove high 
frequency variations in the damping component caused 
by high frequency changes in the column torque. Thus, 
the system may include limiting means adapted lo limit 
the rate of change of the damping component due to 
corresponding changes in column torque to a predeter- 
mined maximum rate. 

[0020] Preferably, the rate limiting means may com- 
prise a filter. This may comprise a lower pass filter, when 
in one arrangement may have a cut-off frequency of ap- 
proximately 3Hz (Hertz). 

[0021] In a most convenient arrangement, where the 
damping component comprises the product of a scaling 
value that is a function of torque and an intermediate 
damping value that is a function of the column velocity, 



the limiting means may be arranged to limit the rate of 
change of the scaling value overtime. The scaling value 
may be low-pass filtered prior to multiplication by the 
intermediate damping value to generate the damping 

5 component. 

[0022] The low-pass filter may be a frequency domain 
filter but may be of any known kind, typically a discrete 
digital filter implemented on a microprocessor. Of 
course, any processing of the scaling value which limits 

10 the maximum rate of change of the scaling value over 
time could be employed. 

[0023] There will now be described, by way of exam- 
ple only, one embodiment of the present invention with 
reference to the accompanying drawings of which: 

15 

Figure 1 is a schematic diagram of an electric pow- 
er assisted steering system in accordance with the 
present invention; 

20 Figure 2 is a block diagram illustrating the function- 
al steps undertaken within the signal processing 
unit of the system of Figure 1 ; 

Figure 3 illustrates the relationship between the 
25 torque applied by the driver and the assistance 
torque value generated; 

Figure 4 illustrates the relationship between the 
damping component and the column velocity; 

30 

Figure 5 illustrates the relationship between the 
value of the damping component and driver applied 
torque; and 

35 Figure 6 is a block diagram illustrating an alterna- 
tive set of functional steps undertaken with the sig- 
nal processing unit of the system of Figure 1 . 

[0024] An electric power assisted steering system is 
40 illustrated in Figure 1 of the accompanying drawings. 
The system comprises an electric motor 1 which acts 
upon a drive shaft 2 through an (optional) gearbox 3. 
The drive shaft 2 terminates with a worm gear 4 that co- 
operates with a wheel provided on a portion of a steering 
45 column 5 or a shaft operatively connected to the steering 
column. 

[0025] The steering column 5 carries a torque sensor 
6 that is adapted to measure the torque carried by the 
steering column that is produced by the driver of the ve- 

so hide as the steering wheel (not shown) and hence steer- 
ing column is turned against the resisting force provided 
by the vehicles road wheels (also not shown). The out- 
put signal T from the torque sensor 6 is fed to a first input 
of a signal processing unit 7. 

55 [0026] An angular velocity sensor is also provided on 
the steering column shaft. As shown in Figure 1 this is 
an integral part of the torque sensor 6. This produces 
an output signal indicative of the angular velocity co of 
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the shaft. The output from the velocity sensor is fed to 
a second input of the signal processing unit 7. This may 
comprise a electronic processor unit or other electronic 
circuitry. 

[0027] The signal processing unit 7 acts upon the two 
input signals to produce, as its output, a torque demand 
signal 8 that is passed to a motor controller 9. The motor 
controller 9 converts the torque demand signal 8 into 
drive currents for the electric motor 1 . 
[0028] The value of the torque demand signal 8 cor- 
responds to the amount of assistance torque to be ap- 
plied to the steering column by the electric motor 1 . The 
value will vary from a minimum value corresponding to 
maximum output torque for the motor in one sense, 
through zero torque when the demand signal is zero, to 
a maximum motor torque of the opposite sense. 
[0029] The motor controller 9 receives as its input the 
torque demand signal and produces currents that are 
fed to the motor to reproduce the desired torque al the 
motor drive shaft 2. It is this assistance torque applied 
to the steering column shaft 5 that reduces the effort 
needed by the driver to turn the wheel. 
[0030] Figure 2 illustrates the functional steps under- 
taken by the signal processing unit 7 in producing the 
torque demand signal 8. It can be seen that the torque 
demand signal 8 is produced as two components: an 
assistance torque signal 10 and a damping component 
11. These two components 10,11 are combined within 
the signal processorto form the final torque demand sig- 
nal 8. 

[0031] The assistance torque signal 10 is derived as 
a function of the torque in the steering column as meas- 
ured by the torque sensor 6. The relationship between 
the measured torque and the assistance signal is es- 
sentially linearas shown in the plot of Figure 3. However, 
other possible relationships may be used to map the 
torque to the assistance signal. In both cases, as torque 
increases the magnitude of the assistance signal in- 
creases. It will also be understood that the assistance 
torque signal 10 may be dependent upon other param- 
eters such as vehicle speed if required. In that case it is 
typical to reduce the value of the assistance torque sig- 
nal 1 0 at high speeds to enhance stability and increase 
it at very low speeds to ease parking manoeuvres. 
[0032] The damping component is produced as a 
function of both the measured torque and column veloc- 
ity. As shown in figure 4, an intermediate damping signal 
12 is produced as a linear function of column velocity. 
The intermediate damping signal 12 increases in value 
from zero at zero column velocity to a maximum value 
at a predetermined column velocity (typically 2 revolu- 
tions per second). Of course, for different applications 
both the peak damping value and the velocity corre- 
sponding to this value may be varied. Above 2 revolu- 
tions per second the intermediate damping signal value 
remains constant. A deadband is also provided around 
zero velocity which may be of variable width. Thus, the 
value of the damping component remains at or about 



zero for a range of velocities within the deadband. 
[0033] The intermediate damping signal 12 is then 
modified as a function of torque by calculating a scaling 
value 13. As shown in Figure 5 of the accompanying 

5 drawings, the scaling value 13 is a fractional value that 
is a function of torque carried by the steering column. 
The scaling value increases from unity at zero applied 
torque to zero at a predetermined threshold applied 
torque. A deadband is also provided whereby the scal- 

10 ing value remains at or around unityfor small torque val- 
ues around zero torque. The width of the deadband is 
preferably chosen to exceed the maximum torque that 
can arise due to inertia in the system. 
[0034] The intermediate signal 1 2 is next multiplied by 

is the scaling factor signal 13 in order to produce the 
damping component 11. Finally, the signal processor 
subtracts the damping component 11 from the assist- 
ance torque signal 1 0 to produce the torque demand sig- 
nal 8 used to drive the electric motor 1. 

20 [0035] A refinement is illustrated in the block diagram 
of Figure 6. In this arrangement, three input values are 
passed to the signal processor: column velocity co. col- 
umn angular position Ncol and column torque T 
[0036] As in the arrangement of Figure 2. the mcas- 

25 ured torque is used to produce an assistance torque sig- 
nal 1 0 in the manner illustrated in Figure 3 of the accom- 
panying drawings. 

[0037] The damping component is also produced as 
a function of both the measured torque and the column 
30 velocity. However, in this arrangement two main differ- 
ences can be noted as follows: 

(a) The torque value T is processed to produce a 
scaling value 1 3 as for the first embodiment but this 
35 is subsequently passed through a low-pass filter 14 
to remove any high-frequency torque dependent 
variations in value prior to combining with the inter- 
mediate signal 12 to produce the damping compo- 
nent; and 

^0 (b) The intermediate signal 12 is produced as a 
function of both column velocity o> and column ab- 
solute angle position Ncol to introduce a position 
dependent deadband 15 about the straight ahead 
position of the steering column. 

45 

[0038] The low-pass filter 14, which is this embodi- 
ment has a cul-off frequency or 3Hz, removes the effect 
of high speed variation in driver applied torque combing 
with subsequent high frequency variations in damping 

so component. In certain circumstances, without the pres- 
ence of the low-pass filter, unwanted vibrations may be 
produced in the steering column. 
[0039] The filter may be implemented in a variety of 
ways which will be readily appreciated by the person 

55 skilled in the art. A suitable frequency domain filter may 
be of the form: 
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x _ damp - first - numerator (2) 
damp - first - denominator (Z) 

where X is the filtered scaling value. 



Claims 

1 . An electric power assisted steering assembly com- 
prising a steering mechanism 5 which operatively 
connects a steering wheel to the roadwheels of a 
vehicle, a torque sensing means 6 adapted to pro- 
duce a first output signal indicative of the torque T 
carried by a portion of the steering mechanism 5 5 a 
means for producing a second output signal indic- 
ative of the angular velocity of the portion of the 
steering mechanism, an electric motor 1 operatively 
connected to the steering mechanism 5, a signal 
processing unil 7 adapted to receive the two signals 
and to produce a torque demand signal 8 represent- 
ative of a torque to be applied to the steering mech- 
anism 5 by the motor 1 ; and a motor drive stage 
adapted to provide a drive current to the motor 1 
responsive to the torque demand signal 8, and 
characterised in that the torque demand signal 8 
includes a damping component 11 that is depend- 
ent upon both the first output signal and the second 
output signal. 

2. An electric power assisted steering assembly ac- 
cording to claim 1 , in which the portion of the steer- 
ing mechanism comprises a steering column and 
the magnitude of the damping component 11 gen- 
erally increases over a range of steering column ve- 
locity values bounded by a first velocity and a sec- 
ond, higher, velocity. 

3. An electric power assisted steering assembly ac- 
cording to claim 2, in which the first velocity corre- 
sponds to zero column velocity. 

4. An electric power assisted steering assembly ac- 
cording to claim 2, in which a deadband is provided 
whereby the damping component value remains at 
or about zero over a range of velocities bounding 
zero velocity. 

5. An electric power assisted steering assembly ac- 
cording to claim 4, in which the width of the dead- 
band is varied in use as a function of vehicle speed. 

6. An electric power assisted steering assembly ac- 
cording to any one of claims 2 to 4, in which the 
magnitude of the damping component 11 generally 
increases linearly as a function of column velocity 
over the whole or a part of the range of values. 

7. An electric power assisted steering assembly ac- 



cording to any one of claims 2 to 6, in which the rate 
of increase of the magnitude of the damping com- 
ponent between the first and second values de- 
creases as a function of applied torque. 

5 

8. An electric power assisted steering assembly ac- 
cording to any preceding claim, in which the damp- 
ing component is produced by generating a scaling 
value 13 that is a function of torque, generating an 

10 intermediate damping value 12 that is a function of 
column velocity and multiplying the two values to- 
gether to produce the damping component 11 . 

9. An electric power assisted steering assembly ac- 
15 cording to claim 8, in which the scaling value varies 

from a maximum value at zero applied torque to a 
minimum value at a predetermined maximum ap- 
plied torque. 

20 -|o. An electric power assisted steering assembly ac- 
cording to claim 8 or claim 9, in which the scaling 
value 1 3 is substantially zero valued over a range 
of measured torque values bounding zero torque. 

25 11. An electric power assisted steering assembly ac- 
cording to any preceding claim, in which the torque 
demand signal 8 includes an assistance torque sig- 
nal 10 that is a function of torque in the steering 
mechanism. 

30 

12. An electric power assisted steering assembly ac- 
cording to claim 11, in which the signal processing 
unit 7 is adapted to produce the torque demand sig- 
nal by combining the damping component 11 with 

35 the assistance torque signal 1 0. 

13. An electric power assisted steering assembly ac- 
cording to any preceding claim, in which the damp- 
ing component is filtered to remove high frequency 

40 variations in the damping component caused by 
high frequency changes in the column torque. 

14. An electric power assisted steering assembly ac- 
cording to claim 13, in which a limiting means 14 is 

^5 provided that is adapted to limit the rate of change 
of the damping component due to corresponding 
changes in column torque to a predetermined max- 
imum rate. 

so 15. An electric power assisted steering assembly ac- 
cording to claim 14, in which the rate limited means 
comprises a lower pass filter 14. 

16. An electric power assisted steering assembly ac- 
55 cording to any one of claims 1 3 to 1 5 when depend- 
ent from claim 6, in which the limiting means is ar- 
ranged to limit the rate of change of the scaling val- 
ue over time. 
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17. An electric power assisted steering assembly ac- 
cording to claim 16, in which the scaling value is 
low-pass filtered prior to multiplication by the inter- 
mediate damping value to generate the damping 
component. 5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



JSDOCID: <EP 1 170196A2_I_> 



6 



EP 1 170 196 A2 




DAMPING 
MULTIPLIER 

Scaling 
Value 




LOWER 
TORQUE 
THRESHOLD 



UPPER ABS (COLUMN TORQUE) 
TORQUE 
THRESHOLD 



I 

i 

EP 1 170 196 A2 

i 

! 
t 

Assistance 
Torque 
Signal 




Column Torque 



DAMPING 
COMPONENT 

DAMPING 
MAXi 
VALUE 




DAMPING GAIN 



Fig. 4 



DAMPING 
DEADBAND 



COLUMN 
VELOCITY 



JSDOCID: <EP 1170196A2_I_> 



8 



EP 1 170 196 A2 



o £ o 
I- S O 



o c — 

3 CO CO 

o § .2> 



QO 



Or 



W 3 TO 

< CO 



"8 

i 1 

= 175 



o 
o 



C3> 

CO > 



CO 



0) 

o 



JSDOCID: <EP 1 170196A2_I_> 



EP1 170 196 A2 




(19) 



Europaisch s Patentamt 
European Pat nt Offic 
Offic ur p'end s brev ts 



(12) 



(H) EP 1 170 196 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

22.01.2003 Bulletin 2003/04 

(43) Date of publication A2: 

09.01.2002 Bulletin 2002/02 



(51) Int CI. 7 : B62D 5/04 

// B62D1 01 :00, B62D1 1 7:00, 
B62D1 53:00 



(21) Application number: 01305416.8 



(22) Date of filing: 22.06.2001 



(84) 


Designated Contracting States: 


• 


Burton, Anthony Walter 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




Solihull, West Midlands B37 0DP (GB) 




MC NL PTSETR 


• 


Williams, Andrew James Stephen 




Designated Extension States: 




Solihull, West Midlands B94 6LD (GB) 




AL LT LV MK RO SI 


• 


Cheel, John Nicholas 








Harbone, Birmingham B17 0EU (GB) 


(30) 


Priority: 29.06.2000 GB 0015832 


• 


Jones, Russell Wilson 




17.04.2001 GB 0109320 




Warwickshire CV37 9EU (GB) 


(71) 


Applicant: TRW LUCAS VARITY ELECTRIC 


(74) 


Representative: Tranter, Andrew David 




STEERING LIMITED 




Barker Brettell 




Wednesbury, West Midlands WS10 7SY (GB) 




138 Hagley Road 








Edgbaston 


(72) 


Inventors: 




Birmingham B16 9PW (GB) 


• 


Stevens, Simon David 








Billesley, Birmingham B13 0DP (GB) 







(54) Improvements relating to electrical power assisted steering systems 



(57) An electric power assisted steering system is 
disclosed in which a torque demand signal (8) is gener- 
ated and applied to an electric motor (1 ) operatively con- 
nected to a steering mechanism (5) in order to assist a 
driver of the vehicle when steering the vehicle. The 
torque demand signal (8) includes a damping compo- 
nent that is dependent upon a measurement of torque 



T carried by the steering mechanism and a measure- 
ment of the angular velocity w of the steering mecha- 
nism. The torque produced by the motor (1) is not ob- 
trusive during "hands-on" manoeuvres but provides en- 
hanced damping in other manoeuvres such as a steer- 
ing flick. 

To be accompanied, when published, by Figure 2 
of the drawings. 
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